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There exists signi� cant heterogeneity in the topical manifestation 
of “common” skin cancers such as basal cell carcinoma (BCC), 
cutaneous squamous cell carcinoma (cSCC) and cutaneous 

melanoma (CM). These include di� erences in age, laterality, site-speci� c 
presentation and sex incidence. Yet, there have been relatively few 
complete cohort studies that have examined each factor collectively. 
We relay insights from a three-year observational cohort in Manhattan 
Beach, California, presenting to a dermatology clinic for routine 
evaluation. In total, 663 unique cases (397 subjects) were identi� ed and 
diagnosed with either BCC, cSCC, or CM via shave, punch, or excisional 
biopsy from 2017 to 2019. We report insights from the cohort with 
respect to age at diagnosis, laterality, site of presentation, and sex 
di� erences in incidence. We o� er explanation for our observed results 
and compare � ndings against novel trends and accepted beliefs with 
respect to skin cancer incidence across a range of factors. 

COHORT DEMOGRAPHICS
The present study consists of 663 unique cases (397 subjects) 

diagnosed with a skin-related malignancy from the years 2017 to 2019. 
All subjects identi� ed were residents of Los Angeles, California, at 
the time of presentation without a prior change of primary residence 
outside of Los Angeles in the past 10 years. 

Inclusion criteria were de� ned as those subjects presenting with 
either basal cell carcinoma (BCC), cutaneous squamous cell carcinoma 
(cSCC) or cutaneous melanoma (CM) from 2017 to 2019. Subjects 
presenting with types of skin cancer other than those delineated 
above were excluded. Subjects with multiple malignancies during the 
study period were recorded. Subjects were identi� ed during primary 
evaluation at a clinic in Manhattan Beach, California, screened, and 
received a � nal diagnosis of either BCC, cSCC, CM or a combination 
con� rmed during follow-up dermatopathologic evaluation. Subjects 
ranged in age from 21 to 97 years, with a median age of 68 (+ 12.4). 
Sex breakdown for participants was as follows: male (67.1%) & female 
(32.9%). Though subjects were predominantly male, both groups were 
roughly age matched (median age = 66.1 (+ 12.2) v. 67.6 (+ 12.6)) for 
males and females, respectively. 

METHODOLOGY & STATISTICS
Three hundred and ninety-seven subjects were screened from 

2017 to 2019 yielding 663 unique cases of BCC, cSCC and CM. Subjects 
were seen on a voluntary basis and evaluated by a board-certi� ed 
dermatologist and received follow-up diagnosis from a board certi� ed 
dermatopathologist. Biopsy was performed via shave, punch, and 
excision. Age at diagnosis, laterality of skin malignancy, sites of 
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presentation and subject sex were recorded. 
Subject sex was categorized as “Male” or 

“Female” (denoted as a binary variable with 
Male is “1” and Female “0”). “Malignancy” 
was recorded as a binary observation where a 
subject with a positive diagnosis is “1” and a 
subject with a negative diagnosis is “0” across 
each of the three categories representing BCC, 
cSCC or CM. “Laterality” was de� ned as the 
appearance of skin malignancy on the left 
or right side of the body, site independent. 
Laterality was de� ned as a binary variable 
where left sided appearance was “1” and 
right-sided appearance “0.” A ruler placed 
along the torso or spine was used to clarify 
laterality, in cases where the “side” of 
presentation was unclear. Sites of presentation 
were split into three groups: “Head and Neck,” 
“Torso,” and “Extremities.” Subjects presenting 
with malignancies in locations other than 
those listed were excluded from analysis. 
These de� nitions remained constant across 
analyses. Subjects presenting with multiple 
malignancies, discovered during initial 
consultation or follow-up, were recorded 
and closely monitored for routine inspection. 
Subject ethnicity was elided from this analysis.

Ordinary least squares (OLS) regression 
with random e� ects was employed to isolate 
the contribution of malignancy type to age at 
presentation, controlling for subject sex. To 
test associations between malignancy type 
and laterality, logistic regression with random 
e� ects was implemented controlling for 
subject sex and age. Logistic regression with 
random e� ects was performed to examine 
the relationship between malignancy type 
and site of presentation, controlling for the 
subject sex and age upon presentation. Finally, 
di� erences in incidence by sex were analyzed 
using logistic regression with random e� ects, 
controlling for subject age. Subsequent chi-
squared analysis and Fisher’s Exact Test (F-Test) 
were undertaken to assess variable relevance 
when appropriate. For all analyses, Hausman 
testing was employed to rule-out assumption 
of signi� cant endogeneity. Post-estimation 
Hausman testing revealed no systematic 
bias, indicating random e� ects testing was 
methodologically appropriate for this analysis. 
Seasonality of incidence was reported for 
reference. Statistical signi� cance was de� ned 
as a two-sided p-value of alpha <0.05. All 
analyses were computed using STATA IC 

software.16

RESULTS
Among those included in the cohort, BCC 

(54.2%) was most abundant, followed by 
cSCC (36.6%) and CM (9.2%). Mean age at 
presentation di� ered signi� cantly among the 
trio (67.5 years + 11.7, 70.2 years + 11.1, 
and 60.1 years + 14.5) for BCC, cSCC, and CM 
respectively. Mean age at presentation for all 
those within the cohort was 69. Controlling 
for subject sex and incorporating � xed e� ects 
into OLS regression, it was determined that 
the diagnosis of “Melanoma” was highly 
signi� cant and associated with a “younger” 
age at diagnosis (-8.0 years, 95% CI [-10.99 to 
-4.96]; p<0.0001, Table 1). cSCC, however, was 

associated with a signi� cant, increased age 
at diagnosis (3.7 years, 95% CI [1.87 to 5.52]; 
p<0.0001, Table 1). No such associations were 
observed between BCC and age (-0.80 years, 
95% CI [-2.6 to1.0]; p=0.40, Table 1). 

Laterality of incidence varied signi� cantly 
by malignancy type. BCC (-0.18, 95% CI [-0.13 
to 0.48]; p=0.27, Table 2), nor cSCC (0.09, 95% 
CI [-0.24-0.41]; p=0.60, Figure 2), exhibited 
a lateral preference for either the subjects’ 
left or right side. CM, however, was right-side 
preferring; that result was highly signi� cant 
(-0.8, 95% CI [-1.3 to -0.2]; p<0.0001, Figure 
2). It should be noted that post-estimation 
chi-squared analysis rea�  rmed signi� cance 
(p>chi2=0.047, Figure 2).

Malignancy type was signi� cantly 

TABLE 2. Skin Cancer Incidence by Laterality

 VARIABLES (1)
Laterality

(2)
Laterality

(3)
Laterality

 BCC
0.175

(0.157)

 SCC
0.0864
(0.164)

Melanoma
-0.786***

(0.284)

Age
-0.00129
(0.00648)

-0.00200
(0.00654)

-0.00502
(0.00664)

Sex
0.0703
(0.172)

0.101
(0.172)

0.0893
(0.171)

Constant 0.0491 0.139 0.455

Observations 663 663 663

Number of assessed 397 397 397

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1

TABLE 1. Skin Cancer Incidence by Age

 VARIABLES (1)
Age

(2)
Age

(3)
Age

 BCC
-0.796
(0.918)

 SCC
3.697***
(0.933)

Melanoma
-7.977***

(1.538)

Sex
-1.011
(1.008)

-0.651
(0.997)

-1.176
(0.979)

Constant
68.71***
(0.969)

66.67***
(0.965)

69.11***
(0.876)

Constant 0.0491 0.139 0.455

Observations 663 663 663

Number of assessed 397 397 397

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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associated with the site of presentation 
across a variety of conditions. With respect 
to presentation of the “Head and Neck,” BCC 
exhibited a site preference (1.2, 95% CI 
[0.76-1.62]; p<0.0001, Table 3), whereas 
cSCC (-0.50, 95% CI [-0.86 to -0.05]; p=0.03, 
Table 3) and Melanoma (-3.5, 95% CI [-4.81 
to -2.21]; p<0.0001, Table 3) exhibited 
signi� cant but inverse associations with the 
site of head and neck. An opposite result 
was observed for extremities. cSCC (1.3, 
95% CI [0.90 to 1.78]; p<0.0001, Table 3) 
and Melanoma (0.61, 95% CI [0.02 to 1.2]; 
p=0.05, Table 3) were site preferring in 
the with respect to extremities. An inverse 
association between the site “extremities” 
and BCC was observed (-1.5, 95% CI [-2.0 to 
-1.1]; p<0.0001, Table 3). cSCC and Melanoma 
exerted competing e� ects in the site “Torso.” 
Melanoma was strongly torso-site-preferring, 
and the relationship was highly signi� cant 
(1.6, 95% CI [0.89 to 2.3]; p<0.0001, Table 3). 
cSCC incidence was inversely correlated with 
Torso (-1.0, 95% CI [-1.5 to -0.55]; p<0.0001, 
Table 3). No relationship was observed 
between BCC and Torso (0.25, 95% CI [-0.17 to 
0.66]; p=0.24, Table 3). 

Signi� cant sex-speci� c di� erences were 
observed among the trio. Male subjects were 
signi� cantly more likely to present with 
BCC (0.53, 95% CI [0.16 to 0.90]; p=0.006, 
Table 4). Female subjects, in contrast, were 
more likely to present with cSCC (-0.54, 
95% CI [-0.92 to -0.16]; p=0.005, Table 4). 
No statistically signi� cant association was 
observed with respect to sex and Melanoma 
presentation (-0.07, 95% CI [-0.70 to 0.57]; 
p=0.84, Table 4). 

Seasonality of presentation did not di� er 
markedly from 2017-2019 with ~10.7% of 
cases presenting in the summer months (May-
August) and ~12.9% of cases presenting in the 
winter months (November-February). 

DISCUSSION
Our results relay � ndings from a 397 subject 

cohort across a range of indicators including 
age, laterality of incidence, site of presentation, 
and sex di� erences by malignancy type. The 
preponderance of our results largely accord 
with accepted � ndings. With regard to age, 
younger age at diagnosis for CM and advanced 
age at diagnosis for cSCC are in keeping with 
previous analyses of age-related incidence.3,4

In terms of body-site, other reviews have 
reported a head and neck preference for BCC 
and cSCC jointly,9,10 but not for melanoma.9

While cSCC did not exhibit a site preference 
for the head and neck, our results align with 
generally accepted � ndings with respect to BCC 
incidence and its preference for the head and 
neck—a � nding thought secondary to lifetime 
UV burden. CM and cSCC were site preferring 
with respect to the extremities and torso; 
likewise, our � ndings are largely mirrored 
across modern cohort studies.10,11 Melanoma’s 
preference for the torso—among other 
intermittently sun-exposed areas—is well-
documented and replicated across studies.12-14

Sex di� erences segmented by malignancy were 
mostly unremarkable; BCC’s male bias is well-
documented in the literature.15,16 

In spite of general agreement, several 
novel � ndings were observed: (1) the 
percentage of subjects presenting with CM was 
demonstrably higher than population averages 
would estimate;2 (2) melanoma exhibited a 
pronounced right-side bias; (3) cSCC was not 
head and neck preferring as other reviews have 
documented;11,20 (4) cSCC exhibited greater 
female bias. 

Our analysis demonstrated a 
disproportionate incidence of CM. Estimates 
of non-melanoma skin cancers (NMSCs) were 
concomitant with population derived estimates 
of NMSC frequency;1 cutaneous melanoma 
incidence was nearly eight- to nine-fold higher 
than expected, according to the 2020 American 
Cancer Society’s annual report on cancer 
incidence domestically.2 It is plausible that 
location-dependent e� ects may explain this 
� nding. Though all subjects were residents of 
Los Angeles at the time of presentation, ~94% 
were living in and around Manhattan Beach, 
Redondo Beach, Hermosa Beach, and Torrance, 
California; beach suburbs such as those listed 
above feature greater numbers of sun-centric 
outdoor activities and are “recognized” 
vacation destinations. Though limited analysis 
has been conducted on the matter, preliminary 
reports have suggested that sun-protective 
behaviors are markedly lower among residents 
of southern California and total UV burden 
is signi� cantly higher, especially among 
athletes.35 We cautiously note that residents 
are likely to accumulate, on average, greater 
total solar exposure than other aged-matched 
controls. 

Accordingly, in such regions, we can 
expect an outsized incidence of skin cancer, 
adjusted for population size, in tandem with 
an increase in speci� c skin cancers that may 
arise from routine, intermittent sun-exposure, 
such as CM.7,12 Expectedly, regions that boast 
pronounced solar irradiation, such as Australia 
and New Zealand, feature the highest rates of 
skin cancer globally.22 Furthermore, analysis 
of the area’s UV burden supports the idea 
that enhanced UV exposure is a plausible 
explanation for disproportion incidence of CM. 
The UV Index for the beach region’s collectively 
averages 10 (10/11) or “very high sun exposure 
risk” during the summer months (May-August) 
and 5.3 (5.3/11) or “moderate sun exposure 
risk” the remainder of the year (September-
April).19 At a UV Index of 10, acute sun burn 
would be expected to develop in 54 percent of 
Fitzpatrick Phototype I subjects, and 23 percent 
of photo-type II subjects after ~30 minutes of 
direct exposure.33 

Of note, the relationship between UV 
exposure and CM incidence is complex 
and subject to nuance.36, 37 While solar 
irradiation has been causally linked to CM 
incidence,25 the precise mechanisms driving 
melanogenesis are unresolved. We remark 
that the disproportionate incidence of CM, 
especially among non sun-exposed and 
intermittently sun-exposed sites, adds 
credence to theories which promote systemic 
e� ects associated with solar irradiation 
such as immunosuppression and immune-
modulatory mechanisms. In particular, it 
has been observed that UV irradiation alters 
immune-surveillance, depressing prevalence 
and functionality of dendritic and Langerhans 
presenting cells.36-38 Such an outcome may 
impair innate anti-tumor responses mediated 
by pro-in� ammatory cytokines (e.g. INF-
gamma). Moreover, there is evidence to 
suggest that local irradiation may enhance 
the Warburg e� ect and promote invasion via 
matrix metalloproteinase (MMP) activity. 
In short, the contribution of sunlight to CM 
incidence may be mediated, in part, by the 
systemic modulation of immune function. 

The signi� cance of left-sided excess in the 
presentation of skin cancer is a contested 
� nding with several analyses reporting 
contradictory results.6,8,21,25 These results 
compare and contrast previous � ndings which 
document marked left-sided incidence or 
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report side-agnostic � ndings.5-8 In this study, 
we observed right-sided excess. This � nding 
appears to be novel. It is unlikely that this 
result is due to chance; standard errors were 
robust, random e� ects employed, and post-
estimation testing a�  rmed our approach. 
Explanations for left-sided excess tend to 
invoke automotive driving behaviors21,26

and constitutional factors such as sex-
speci� c di� erences in nevus colonization.27,28

Importantly, we remark that while an overall 
� nding of right side excess is novel, others 
have speci� cally demonstrated that invasive 
cases of CM exhibit right-side preference 
as well as CM among certain sub-groups, 
such as women over 50.21 In fact, this cohort 
featured a substantial share of invasive to 
in-situ cases (~41% invasive cases of CM). 
Similarly, the average age (67.9) at diagnosis 
for a female subject with right-sided CM was 
signi� cantly greater than the cohort average 
for CM (60.1), though the subject “n” was 
underpowered to detect signi� cant di� erences 
in age between left versus right CM presenting 
females. Thus, we speculate that this � nding 
may be explained by the composition of our 
cohort and the speci� c severity of cases upon 
presentation.

Our analysis noted that cSCC was not 
explicitly head and neck preferring, a � nding 
that opposes currently accepted site-speci� c 
patterns of cSCC incidence.11,18,29,30 While 
the � nding is signi� cant, we note that it is 
plausibly explained by developing trends in the 
development of NMSC by body-site, reporting 

a shift away from the head and neck towards 
other sites such as the torso and extremities, 
especially in female subjects.4,17,31 It appears 
prudent for future studies to explore the causes 
of this shift, but contributing factors may 
include di� erences in sun-exposure patterns, 
the development and use of broad-spectrum 

TABLE 3. Skin Cancer Incidence by Site

 VARIABLES
 (1)

Head and 
Neck

(2)
Head and 

Neck

(3)
Head and 

Neck

(4)
Torso

(5)
Torso

(6)
Torso

(7)
Extremities

(8)
Extremities

(9)
Extremities

 BCC
1.194***
(0.219)

0.246
(0.210)

-1.516***
(0.230)

 SCC
-0.455**
(0.207)

-1.043***
(0.253)

1.333***
(0.226)

CM
-3.468***

(0.686)
1.573***
(0.347)

0.611**
(0.304)

Sex
0.345

(0.223)
0.420*
(0.217)

0.471**
(0.221)

-0.0449
(0.227)

-0.135
(0.233)

-0.00714
(0.228)

-0.313
(0.210)

-0.329
(0.211)

-0.459**
(0.200)

Age
0.0250***
(0.00879)

0.0246***
(0.00856)

0.0114
(0.00880)

0.0324***
(0.00933)

0.0279***
(0.00944)

0.0246***
(0.00927)

0.00433
(0.00825)

-0.00217
(0.00842)

0.00873
(0.00803)

Constant
-2.696***

(0.663)
-1.901***

(0.611)
-1.003
(0.637)

0.830
(0.630)

1.042
(0.639)

0.251
(0.636)

-0.502
(0.601)

-1.332**
(0.612)

-1.441**
(0.594)

Observations 663 663 663 663 663 663 663 663 663
Number of 
assessed

397 397 397 397 397 397 397 397 397

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1

TABLE 4. Skin Cancer Incidence by Sex

 VARIABLES (1)
Sex

(2)
Sex

(3)
Sex

 BCC
0.529***
(0.191)

 SCC
-0.539***

(0.194)

Melanoma
-0.0648
(0.324)

Age
-0.00649
(0.00789)

-0.00397
(0.00795)

-0.00742
(0.00795)

Sex
0.0703
(0.172)

0.101
(0.172)

0.0893
(0.171)

Constant
1.123**
(0.564)

1.431**
(0.558)

1.459**
(0.569)

Observations 663 663 663

Number of assessed 397 397 397

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1
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formulations of sunscreen,25 and the reduced 
incidence of tanning-bad consumption 
among high risk-groups.32 Concerning the 
cSCC predominance among females, rates 
of cSCC may be increasing in this group and 
thus our � ndings may re� ect idiosyncratic 
cohort composition. Ultraviolet radiation is 
still considered chief among inciting factors 
in the induction of cSCC, independent of 
genetic variability such as TP53 mutation.30 Our 
subjects were likely to have high UV burden, 
thus providing a plausible explanatory factor 
for signi� cantly increased incidence in sun-
exposed sites. 

With respect to sex-incidence, cancers of 
the skin are typically associated with males. 
Thus, any � nding relaying female-bias is at 
odds with present consensus.17 We remark that 
while male-bias is accepted in the literature, 
marginal rates of increase with respect 
to non-melanoma skin cancers (NMSCs) 
is greatest for women across several age 
groups.17 Moreover, it has been demonstrated 
that while males bear outsized skin cancer 
burden overall, there is a signi� cant bias with 
respect to female presentation among younger 
age-groups;18,40 other cohort studies, such as a 
recent exploration of cSCC and BCC incidence, 
have documented signi� cant bias with respect 
to BCC in female subjects x > 65 years of age.40

Explanatory factors for this phenomenon have 
included di� erences in “tanning behavior,” 
history of oral contraceptive use, perhaps 
in dose-dependent fashion (though OC use 
and duration as a risk factor for cancers 
of the skin is an unresolved question) and 
estrogen status.25 It may be of note that 
disproportionate incidence of BCC:cSCC takes 
a� ect several years after menarche and then 
wanes a decade after menopause, reaching 
nearer-to-parity with male subjects.41

CONCLUSION
In this study, we documented insights 

from 663 cases (397 unique subjects) across a 
range of factors including age, laterality, site 
of presentation, and sex speci� c di� erences in 
incidence. The results of our analysis generally 
accord well with previous � ndings, replicating 
several of the most prominent results. 
Instances of disagreement were elucidated and 
theoretical explanations for our � ndings were 
discussed. 
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